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Capillary electrophoresisCapillary isoelectric focusing (cIEF) is normally run under denaturing conditions using urea to expose any
buried protein residues that may contribute to the overall charge. However, urea does not completely
denature some proteins, such as the tetrameric enzyme Erwinia chrysanthemi L-asparaginase (ErA), in
which case electrophoresis-compatible alternative denaturants are required. Here, we show that alkylu-
reas such as N-ethylurea provide increased denaturation during cIEF. The cIEF analysis of ErA in 8 M urea
alone resulted in a cluster of ill-resolved peaks with isoelectric points (pI values) in the range 7.4 to 8.5. A
combination of 2.0 to 2.2 M N-ethylurea and 8 M urea provided sufﬁcient denaturation of ErA, resulting
in a main peak with a pI of 7.35 and an acidic species minor peak at 7.0, both comparing well with pre-
dicted pI values based on the sum of protein residue pKa values. Recombinant deamidated ErA mutants
were also demonstrated to migrate to pI values consistent with predictions (pI 7.0 for one deamidation).
The quantitation of ErA acidic species in samples from full-scale manufacturing (1.0–3.5% of total peak
area) was found to be reproducible and linear. Use of alkylureas as denaturing agents in capillary electro-
phoresis and cIEF should be considered during biopharmaceutical assay development.
Crown Copyright  2014 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Capillary isoelectric focusing (cIEF)1 is a useful technique for the In most cIEF instruments, the separation is conducted and the
determination of protein isoelectric point (pI). First described by
Hjertén and Zhu [1], the technique has evolved into one of the main-
stays of protein analysis, particularly in the biopharmaceutical
industry, where there are numerous examples of its use [2,3]. The
technique is useful for separation of glycoforms, characterization
of protein microheterogeneity, and quantitation of protein species
that have charge modiﬁcations resulting in pI shifts in either the
acidic or basic direction [4].
The technique involves injection of a protein analyte into a cap-
illary in the presence of ampholytes and a polymeric matrix, usu-
ally methylcellulose based. As in slab gel IEF, the ampholytes set
up a pH gradient through the capillary when an electric current
is applied, using an acidic anolyte (usually dilute acid) and a basic
catholyte (usually dilute base). The separation occurs as proteins
migrate to their point of zero net charge within the capillary. The
capillary is often neutral, hydrophilic, and coated (with methylcel-
lulose) to reduce distortion during the separation [5]. Internal stan-
dards are usually employed to enable calculation of analyte pI [6].entire contents of the capillary are mobilized by pressure, chemi-
cal, or other means past a detection window [4]. This mobilization
step can lead to distortion and band spreading as the column of
ﬂuid moves through the capillary. During recent years, manufac-
turers have introduced whole-capillary imaged cIEF instruments
[7,8] that avoid this distortion by capturing images of the entire
capillary separation zone at a 280-nm wavelength. This technique
has the added advantage of being able to view the separation in
real time such that the end of the focus time can be easily ascer-
tained and aids in method development.
Isoelectric focusing, and cIEF in particular, is a particularly
attractive technique with regard to characterization of protein
deamidation. Deamidation is a frequently occurring degradation
pathway in proteins and peptides [9], most frequently affecting
asparagine (Asn or N) residues and, to a lesser extent, glutamine
(Gln or Q). In the deamidation of an Asn residue, the C-terminal
peptide bond nitrogen attacks the carboxylate group of the side
chain, creating a succinimide ring intermediate. This intermediate
is then hydrolyzed to result in a mixture of aspartic acid (Asp or D)
and iso-Asp [10]. The result of this reaction is a lowering of the
overall protein pI due to the change of residue charge from neutral
(Asn) to negative (Asp). In some proteins, deamidation may reduce
activity or have other deleterious effects and, therefore, is impor-
tant to understand, monitor, and control.
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tion of the enzyme L-asparaginase (EC 3.5.1.1) from Erwinia chry-
santhemi (ErA) [11,12]. ErA is a 140,000-Da homotetramer with
an isoelectric point of pH 8.6 in the native form [13]. Each subunit
of the tetramer consists of 327 amino acids, and the enzyme is
active only in the tetrameric form. ErA is a biopharmaceutical
product marketed as Erwinase or Erwinaze and is used in the clin-
ical treatment of acute lymphoblastic leukemia (ALL) [14,15].
Native capillary zone electrophoresis (CZE) and weak cation
exchange high-performance liquid chromatography (WCX–HPLC)
of ErA both give rise to a number of acidic species that, in the main,
cannot be deﬁnitively determined to be deamidated.
In cIEF method development for deamidation for proteins such
as ErA, one difﬁculty is the lack of available denaturants compati-
ble with electrophoresis. Analysis under denaturing conditions
ensures that protein residues are exposed and, therefore, a true
measure of the protein charge is realized. The aim of the current
work was to use cIEF under denaturing conditions to understand
the extent of any deamidation in ErA as well as develop a robust
method of quantiﬁcation of deamidation in this medically impor-
tant enzyme product.Materials and methods
All reagents were obtained from Sigma (Dorset, UK) unless
otherwise indicated.Production of enzyme
Puriﬁed samples of ErA were manufactured and provided by
Development & Production, Public Health England (Porton Down,
UK). Recombinant wild-type (WT) ErA and ErA mutants were pro-
duced using previously published procedures [12].Fig.1. Typical ErA cIEF proﬁle in 8 M urea. The positions of the major species at pI
7.4 and 8.4 are indicated along with the two internal standard pI marker peaks (pI
6.1 and 9.5).cIEF analyses
Analyses of ErA samples were performed using a whole-
capillary imaged cIEF system (model iCE3 with PrinCE autosam-
pler) from ProteinSimple (Toronto, Canada). The pI markers used
throughout this work were proprietary, small molecular weight,
ultraviolet (UV) absorbent markers (pI values 5.85, 6.1, 6.6, 9.5,
and 9.77) obtained from ProteinSimple. Samples were prepared
immediately before analysis using the following procedure. A
master mix (MM) was prepared fresh daily with the composition
8 M urea, 0.35% methylcellulose, and 4% Pharmalytes 3–10.
N-Ethylurea was added to this MM as desired. The analyte samples
were prepared using 200 ll of MMwith 1 ll of high-pImarker (9.5
or 9.77) and 1 ll of low-pI marker (5.85, 6.1, or 6.6), and protein
sample was added to a target concentration in the range 0.1 to
0.2 mg/ml. These samples were vortexed brieﬂy to ensure com-
plete mixing and centrifuged at 10,000 rpm for 3 min to remove
air bubbles before software (ProteinSimple analysis. Samples were
focused for 1 min at 1.5 kV, followed by 12 to 13 min at 3 kV, and
A280 images of the capillary were taken using the ProteinSimple
software. The resulting electropherograms were ﬁrst analyzed
using iCE3 CFR), and pI values were assigned (linear relationship
between the pI markers). The data were downloaded into
Empower 2 processing software (Waters, Elstree, UK) for
electropherogram integration. Empower data analyses were con-
ducted using Savitsky–Golay smoothing of the electropherogram
traces.CD analyses
Circular dichroism (CD) analyses were performed using a Jasco
J-715 spectropolarimeter at Alta Bioscience (Birmingham, UK).
Samples were denatured in mixtures of urea and ethylurea, held
for at least 10 min, and analyzed by CD. The analyses were carried
out between 190 and 280 nm, and appropriate mixtures of urea
and ethylurea without protein were used for blank analyses.Computational predictions of theoretical pI values
Theoretical pI values were calculated using the ErA sequence
[12] and the internet-based tools at the European Molecular Biol-
ogy Open Software Suite (EMBOSS, http://www.ebi.ac.uk/Tools/
seqstats/emboss_pepstats) [16–18] or the tools available at the
Swiss Institute for Bioinformatics (SIB; ExPASy, http://web.exp-
asy.org/compute_pI) [19–22].Forced deamidation of ErA
Samples of high-concentration ErA (35–40 mg/ml protein by
A280) were combined with 2 M NaOH at a ratio of 10:1 enzyme to
base and mixed gently. The samples were then heated at 70 C
for 1 min using a dry heat block (Grant Instruments, Cambridge,
UK), removed, and placed on ice. The samples were then immedi-
ately combined with MM to proceed directly to cIEF analysis, with
samples run as described above in duplicate or triplicate.Results and discussion
In development of any denaturing cIEF method, the usual start-
ing point is to attempt a separation in urea, usually in the concen-
tration range 3 to 8 M. The main goal is to ensure that the analyte
protein is as unfolded as possible without inducing precipitation so
that the analyst can compare the theoretical pI with the measured
cIEF pI. ErA is known to be difﬁcult to fully denature in 8 M urea
through previous work with analytical ultracentrifugation [23].
However, it was unclear whether the extent of denaturation in
8 M urea would be sufﬁcient to expose enough surface charge to
fully characterize charge variants in cIEF. Therefore, samples of
ErA were analyzed using 8 M urea as the denaturant in 0.35%
methylcellulose and 4% Pharmalytes 3–10. The proﬁles obtained
(Fig. 1) were reproducible and demonstrated a number of peaks
in the pI region of 8.4 and a low-pI peak at 7.4. The cluster of peaks
at pI 8.4 matched the previously determined native (not dena-
tured) ErA isoelectric point of 8.6 [13]. Therefore, it was initially
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other degraded acidic species.
To further understand the electropherograms obtained for ErA
in 8 M urea, mutant versions of ErA [12] were analyzed in 8 M urea.
These mutant forms of the enzyme included genetically induced
single-deamidation sites (either N41D or N281D) as well as a dou-
ble-deamidated mutant (both N41D and N281D). Earlier work on
these mutants had demonstrated that the N281D deamidation
resulted in a loss of stability at urea concentrations greater than
2 M, whereas variants with an intact Asn281 were stable after
exposure to 7.2 M urea [12]. The cIEF analyses of these mutants
(Fig. 2) in 8 M urea appeared to agree with these earlier observa-
tions and suggested that the cIEF proﬁles of mutants lacking the
N281D deamidation did not represent fully denatured enzyme.
Those mutants carrying the N281D mutation, and therefore fully
denatured in 8 M urea, were found to have pI values in cIEF, as
shown in Fig. 2, that compared well with the range of theoretical
pI values calculated using protein sequence and amino acid side
chain pKa values (Table 1). However, those without the N281D
mutation had apparent cIEF pI values that were outside of these
theoretical ranges. It is important to note that the theoretical pI
values calculated in Table 1 are presented for two different sets
of pKa values and algorithms; there is disagreement in the litera-
ture about the ‘‘correct’’ values to use. Therefore, for the purposes
of this study, we consider the two pI values in Table 1 for each pro-
tein as upper and lower bounds of a possible range of theoretical
values.
Furthermore, there are differences in the electropherogram pro-
ﬁles of these enzymes in 8 M urea. The proﬁles in Fig. 2 for the two
enzymes without the N281D mutation are very similar to that ofFig.2. cIEF analyses of ErA recombinant deamidated mutants in 8 M urea. The
isoelectric point of the main species in each trace is indicated along with the
positions of the two marker peaks (pI 6.1 and 9.5).
Table 1
Predicted pI values for ErA and recombinant deamidated mutants.
Protein Predicted pI (EMBOSS) Predicted pI (ExPASy)
ErA WT 7.87 7.23
ErA N41D 7.18 6.68
ErA N281D 7.18 6.68
ErA N41D N281D 6.81 6.36
Note: Values were calculated using the ErA sequence and the web servers at the
Swiss Institute of Bioinformatics (ExPASy) or the European Molecular Biology Open
Software Suite (EMBOSS).the ErA presented in Fig. 1, whereas those with the N281D muta-
tion appear somewhat different as one predominant main band.
This suggested that the low-pI (7.4) peak identiﬁed in Fig. 1 might
not be due to an acidic modiﬁcation to one or more residues but
instead representative of complete protein denaturation, with the
higher group of peaks (pI 8.4) representing partially denatured spe-
cies. Further supporting this idea was the observation that the pI of
the low-pI peak (7.4) in Fig. 1 compares well with the range of val-
ues expected for the WT enzyme shown in Table 1.
To arrive at suitable conditions for the cIEF analyses of deami-
dated variants of ErA, a relatively complete unfolding of the
enzyme structure was desired. It was thought that accurate quan-
titation of the ErA charge variants could not be achieved if some of
the charged residues, such as the labile Asn281, were still partially
buried in the protein structure during cIEF. Therefore, the goal of
this work was to deﬁne a set of conditions under which all (or
nearly all) ErA protein residues could participate in the charge-
based cIEF separation such that each charge variant species (due
to changes in charge at the sequence level and independent of
charge differences due to structural effects) would result in a sep-
arated cIEF peak. It is important to note that this strategy cannot
necessarily distinguish deamidation from other post-translational
modiﬁcations (PTMs) and that one charge variant peak, while
being uniform in overall charge, may represent more than one
PTM.
Based on this strategy and these observations, it was concluded
that the denaturing power of 8 M urea was not sufﬁcient for cIEF
analyses of ErA. Although the analyses of ErA as described above
were reproducible, due to the incomplete denaturation it was not
clear what the various cIEF peaks in the electropherogram repre-
sented with respect to deamidation and PTMs. Therefore, it was
decided that a more powerful denaturant was required. Guanidine
hydrochloride is an effective and powerful denaturant for ErA, but
it cannot be used for cIEF separations due to the ionic character of
the molecule, particularly at the high concentrations required for
protein denaturation.
Previous work on two-dimensional gel electrophoresis [24]
demonstrated the increased chaotropic power of urea and thiourea
mixtures for electrophoretic analysis of sparingly soluble mem-
brane and nuclear proteins. A mixture of 8 M urea with added
2 M thiourea improved the analysis and resolution of difﬁcult pro-
teins. The use of thiourea–urea mixtures, therefore, was attempted
in the context of ErA cIEF analysis. The data obtained (data not
shown) were encouraging, as lower pI peaks (pI 7.4) were obtained
for the WT ErA samples with a lack of higher pI species, but the
high UV background caused by the thiourea prevented this system
from being taken into further development.
Alkylureas, such as N-methylurea and N-ethylurea, had been
previously (and more recently) investigated as protein denaturants
by several investigators [25,26]. These compounds lack the UV-
absorbing thione group found in thiourea and have substituted
alkyl groups on one of the urea amines. The strength of the substi-
tuted ureas as denaturants was found to increase with increasing
alkyl chain length. However, the solubility of these substituted
ureas in water is appreciably lower than that of unsubstituted urea.
Therefore, similar to thiourea, these alkylureas are most effective
as denaturants when used in urea–alkylurea mixtures.
A cIEF screen of mixtures of 8 M urea with N-methylurea, N-
ethylurea, and N-butylurea was conducted. It was determined that
8 M urea with added 2 M N-ethylurea (Fig. 3) completely dena-
tured ErA such that the electropherogram proﬁle changed from
that shown in Fig. 1 to a proﬁle with one predominant peak at pI
7.4. As the concentration of N-ethylurea was increased from zero
to 2 M, the partially denatured species grouped at pI 8.4 were
observed to disappear and the fully denatured species at pI 7.4
appeared. A similar effect was observed with N-butylurea (data
Fig.3. Effect of N-ethylurea on cIEF proﬁles of ErA. The analyses were carried out
using the same sample of ErA diluted in different denaturants. All analyses
contained 8 M urea as the denaturant, with additional added N-ethylurea as
indicated in the ﬁgure. The positions of the two pI marker peaks (pI 6.6 and 9.77)
are also indicated in the ﬁgure.
Fig.5. cIEF analyses of ErA deamidated mutants in urea–ethylurea denaturant. The
concentrations of urea and N-ethylurea were 8.0 and 2.2 M, respectively. The pI
values for the major peaks are indicated. The pI markers used in this experiment
were 5.85 and 9.50.
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as stable as that for N-ethylurea and the butylurea proved to be
more difﬁcult to dissolve during sample workup. The addition of
up to 2 M N-methylurea to 8 M urea was not sufﬁcient to cause
complete denaturation as observed for ethylurea.
To more fully understand the structural effects of ErA denatur-
ation in mixtures of urea and N-ethylurea, CD experiments were
carried out in concentration ranges similar to those described
above for Fig. 3. Due to the high concentrations of urea and ethylu-
rea present in these samples, reliable CD spectra were not realized
below between 210 and 220 nm (Fig. 4). However, the data
obtained for the higher wavelengths illustrate the increasing loss
of protein structure as the ethylurea concentration is increased,
adding conﬁrmation to the results observed by cIEF.
As a test of the urea–ethylurea system in ErA cIEF analyses, the
recombinant ErA WT and deamidated mutants were analyzed
using a mixture of 8 M urea and 2.2 M ethylurea as the denaturant.
A slightly increased concentration of N-ethylurea was used to
ensure that complete denaturation was observed and to provide
a degree of robustness in the assay for routine analyses. The dataFig.4. CD analyses of ErA in 8 M urea containing various amounts of N-ethylurea
(EU). The signals in the low-wavelength region had a high signal-to-noise ratio
(conﬁrmed by analysis of a blank; data not shown) due to the presence of the two
ureas.(Fig. 5) conﬁrmed that the more powerful denaturant had fully
exposed the surface charges in ErA and the mutants. Unlike in
8 M urea alone, the two single-deamidation mutants N41D and
N281D both migrate to the same point (pI 7.0) in the electrophero-
gram, independent of the location of the mutation in the primary
sequence and consistent with the idea that the proteins are fully
denatured. The double-deamidation mutant migrates to a pI fur-
ther into the acidic region (6.8) than the single-site mutants, and
the WT electropherogram constitutes one main peak at a pI of
7.35. All of these cIEF-determined pI values sit within the ranges
calculated based on linear amino acid sequence in Table 1, further
suggesting that complete denaturation of all four proteins has been
achieved. The electrical current proﬁle obtained during electropho-
resis in urea–alkylurea mixtures was not signiﬁcantly different
from the proﬁle for urea alone (data not shown), further adding
to the potential of these compounds in cIEF.
To further explore the idea that ErA deamidation could be quan-
titated and measured in the urea–ethylurea cIEF system, a forced
degradation study was conducted. In earlier work [12], it was
shown that WT ErA could be irreversibly thermally denatured at
temperatures of 65 to 70 C, with accompanying loss of quaternary,
and probably tertiary, structure. It was known from these earlier
experiments that even after brief exposure (1–2 min) to these
high-temperature conditions, the denatured enzyme remained sol-
uble. Therefore, a forced deamidation experiment was designed by
combining these thermal conditions with high pH. High pH and the
presence of hydroxyl ion are known to accelerate the deamidation
reaction, and ErA has one Asn residue in the sequence GN281GIVPP-
DEEL that is known to be labile to deamidation, with several other
Asn residues that are also prone to a lesser extent [11].
The data from the forced deamidation experiment (Fig. 6) dem-
onstrated that the urea–ethylurea cIEF system is appropriate for
understanding and quantiﬁcation of ErA deamidation. The control
electropherogram depicts a typical ErA analysis, with a main spe-
cies at pI 7.35 and an acidic species at pI 7.0. Thermal denaturation
and degradation with sodium hydroxide generated peaks with pI
values consistent with either one affected residue (pI 7.0), two
affected residues (pI 6.8), or three affected residues (pI 6.6). Sam-
ples post-degradation were tested in sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS–PAGE; data not shown) to
conﬁrm that truncation of the 35-kDa subunit had not occurred
and that the low-pI species represented full-length polypeptide.
The pI values from these forced deamidation experiments compare
well with those of the deamidated mutants shown in Fig. 5.
The control electropherogram in Fig. 6 depicts a cIEF analysis of
a typical ErA sample. The low-pI peak at 7.0 represents an acidic
variant of the main peak that, due to the denaturing conditions
Fig.6. cIEF analyses of ErA forced deamidation. The treated sample was created by
mixing a 10-ll aliquot of 38 mg/ml ErA with 1 ll of 2 M NaOH, mixing and heating
for exactly 1 min at 70 C immediately prior to mixing with MM and analysis. The
control sample was not heated or adjusted with NaOH. The pI values determined
during integration are depicted in the ﬁgure along with the positions of the two pI
markers (5.85 and 9.5).
Fig.7. Reproducibility of cIEF analyses of ErA. The analyses were carried out using
8 M urea plus additional N-ethylurea (2.0 or 2.2 M) as the denaturant. The
chromatograms were integrated and the acidic peak at pI 7.0 was quantiﬁed for
all runs. Limits representing ±2 standard deviations (SD) around the mean are
shown for both data series.
Fig.8. Linearity of cIEF analyses of ErA. The analyses were carried out using 8 M
urea plus additional N-ethylurea (2.2 M) as the denaturant in all runs. The
chromatograms were integrated and the peaks (acidic peak at pI 7.0 and main
peak at pI 7.35) were quantiﬁed for all runs. Each data point in the graph represents
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the primary structure level. The levels of these acidic species, for
which deamidation is the most likely cause, in routine ErA analyses
like this control sample are shown in Table 2. The general acidic
species content of these ErA samples, representing nine individual
ErA batches, is low (<4%).
To assess the robustness and reproducibility of assays using
ethylurea in denaturing cIEF, several further experiments were
conducted. Samples were prepared according to the procedure
described above and subjected to repeat injections from the same
sample container. The reproducibility data (Fig. 7) demonstrated
the robustness of the assay in 2.0 M ethylurea but indicated that
for the higher concentration of 2.2 M ethylurea the percentage
acidic species quantiﬁed was on the increase after several hours
of exposure to the assay reagents (ethylurea, urea, and ampho-
lytes). This apparent increase was conﬁrmed by further injections
of materials at 24 and 48 h post-sample preparation, which
showed a dramatic increase in the percentage acidic species above
that shown in Fig. 7 (data not shown). This effect may be due to a
reaction of the unfolded protein with the ampholytes, protein car-
bamylation during prolonged exposure to urea, or simply an accel-
erated pH-induced deamidation reaction due to the exposure ofTable 2
Acidic species content of ErA batches from full-scale manufacture measured under
denaturing conditions.
Batch pI 7.0 area percentage
(mean) (n = 3)
Standard deviation for
three replicates (%)
A 3.4 0.2
B 2.4 0.1
C 1.5 0.6
D 1.2 0.2
E 0.9 0.3
F 1.6 0.1
G 2.7 0.3
H 3.5 0.0
I 2.2 0.2
Note: The data were gathered from cIEF analyses of ErA samples using 8 M urea and
2.2 M ethylurea as the denaturant system. The peak areas for the main (pI 7.35) and
acidic (pI 7.0) species were integrated, and data are presented as area percentage of
the pI 7.0 peak. Each batch was analyzed in triplicate, and the data are presented as
the mean and 1 standard deviation of the analyses of each batch.
the mean of three replicate runs. Limits representing ±1 standard deviation (SD)
around the mean are shown for each data point. The pI 7.35 data correspond to the
left-hand axis, and the pI 7.0 data correspond to the right-hand axis.labile residues to solvent. As a consequence of these observations,
it was decided to prepare ErA samples for analysis immediately
before running the electrophoresis.
The linearity of the assay (Fig. 8) was also assessed using sam-
ples of ErA prepared by serial dilution and analyzed in triplicate.
The UV response of ErA main peak (pI 7.35) and acidic peak (pI
7.0) was linear across a broad range and demonstrated that the
assay is suitable for the quantitation of acidic or deamidated ErA
variants.Concluding remarks
In designing an analytical procedure to quantify protein deam-
idation and acidic species content, it is important to ensure that the
protein structure is such that the inﬂuence on charge from all
Protein capillary IEF with alkylurea–urea mixtures / D. Gervais, D. King / Anal. Biochem. 465 (2014) 90–95 95residues is included. For most proteins urea is sufﬁcient for this
purpose, but for some difﬁcult-to-denature proteins additional
chaotropic power is needed. For isoelectric focusing applications,
the additional denaturant must be compatible with the high volt-
ages used, ruling out many chaotropes such as guanidine hydro-
chloride and potassium thiocyanate. For capillary electrophoresis
applications such as cIEF, the denaturant must also have a low
UV absorbance in the 220- to 280-nm range so that the protein
analytes can be detected. Alkylureas, such as N,N-methylurea, N-
ethylurea, and N-butylurea, are compatible with electrophoresis,
having been used in two-dimensional gel electrophoresis as dis-
cussed previously. In this work, we demonstrated the utility of
these compounds as denaturants for cIEF using the difﬁcult-to-
denature enzyme ErA.
Using this technique, the resulting ErA pI values fell within the
range of theoretical pI values (calculated by two techniques) for
the WT and deamidated forms, allowing easier interpretation of
the electropherograms with respect to protein modiﬁcations,
including deamidation. Although results for ErA acidic species can-
not be deﬁnitively classed as deamidation using this technique
alone, the method has been proven to be capable of detecting
deamidated species if present. The alkylureas should form a
much-needed additional tool in the development of cIEF assays
for protein acidic species quantitation.
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